Abstract
Introduction
The rolling bearing, as an important part of rotating machinery, has a wide range of application in railway sector. According to statistics, the most of the railway rotating machinery faults are caused by bearing failure which has significant impacts on the railway machine's working condition. Once the bearing failed, it would bring huge economic loss, even casualties. So it is essential to study on the condition monitoring and fault diagnosis of railway rolling bearings.
In the process of rolling bearing fault diagnosis, extract the fault feature first, and then locate the fault. Spectrum analysis method based on Fourier Transform does not have the time-frequency localization ability, which can not locate the fault [1] . The resonance demodulation processing is used commonly to make the spectrum demonstrated fault characteristic frequency more clearly. However, if the resonant frequency and band-pass filtering are chosen badly, the improper diagnosis results will be greatly affected [2] . Wigner-Ville distribution is a method that is widely used in time-frequency analysis [3] , but there is cross term in its bilinear characteristic. Choi-Williams distribution is the improvement of Wigner-Ville distribution [4] . STFT has a certain resolution in the time domain and frequency domain, but its basis function can only decompose the signal in equal bandwidth, and it cannot confirm the signal resolution adaptively at different frequencies [5] , so some scholars have researched adaptive STFT analysis and have reached some results [6] . Wavelet and wavelet packet analysis are better methods which are applied to the non-stationary signal analysis [7~9] . The envelope demodulation analysis technology based on Hilbert transform can extract the fault feature of impact vibration signal well in low-frequency [10 ~ 15] .
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In this paper, wavelet packet theory in feature extraction on the advantages and features of Hilbert envelope spectrum, designed a comprehensive method in fault feature extraction of bearing. The method uses a modified wavelet packet scheme to acquire each band with frequency energy, and through changes in the energy band spectrum to find out the fault, then identify the fault characteristic frequency of bearing by Hilbert spectrum, for fault classification and location.
The objective of this paper is to present a method, which can identify fault features effectively from a complicated multi-component vibration signal, whether the signal is stationary or not. The method uses a modified wavelet packet scheme to acquire each band with frequency energy, and find out the fault through changing the energy band spectrum, then identify the fault characteristic frequency of bearing by Hilbert spectrum, and classify and locate the fault. So it can be widely used in rotary machine fault diagnosis.
The basic theory of diagnosis and model

The basic theory of wavelet packet
Wavelet decomposition only do the re-decomposition on the last low-frequency part each time, and the high frequency part is not decomposed, so the resolution in the high frequency band is poor. Wavelet packet analysis is not only carried out both on the low frequency part of the decomposition, but also do the second part of the high-frequency decomposition, it could do more detailed decomposition and reconstruction on signal.
The purpose of wavelet packet decomposition is to construct an orthogonal wavelet packet basis that approach highly Hilbert space ) (R L 2 in frequency, which have different frequency resolution and it is equivalent to varying bandwidth filter. Wavelet packet analysis can decompose the frequency range of the original function into j 2 same band. If the sampling frequency is known, and the decomposition level is enough, the signal can be analyzed more detailedly. Function ) (t u n can be defined to satisfy the following two-scale equation. Suppose n is an arbitrary non-negative integer, then 
The subspace sequence decomposed from j W can be written as 
Where: Wavelet packet decomposition adopts dot sampling. Wavelet packet is decomposed a layer, the sampling frequency will be reduced by half. The frequency aliasing is caused by the decomposition of the high frequency part. To prevent this situation, the highest frequency of the decomposition sequence should be not more than improved wavelet packet decomposition and reconstruction formula:
Bearing failure will result in energy of vibration signal decreases in some frequency band signal, while enhancing other band signal energy. Therefore, the energy of each frequency component signals contains a wealth of fault information. Based on this, Energy-Fault diagnostic pattern recognition is raised. However, the sum energy in each frequency of the signal which decomposed by wavelet packet is the same as the sum of the original signal's energy, because the distribution and changes of the vibration signal energy for each band show different fault types. Therefore wavelet packet energy vector construction algorithm is as follows: （1）First, improved 3-layer wavelet packet decomposition is carried for the collected signals. Signal characters of eight frequency components from low frequency to high frequency in layer 3 is respectively extracted, and its decomposition structure is shown in Figure 1 . Where, （i,j）is j nodes in layer i, i = 0,1,2,3; j =0, l,  7. Each node represents a certain signal characteristics.
A (4) Construct the subband power spectrum Because of the same bandwidth decomposed by wavelet packet, 3 j q that is the proportion between the energy of each subband and total energy, which can be expressed as follows. 
The distribution of each sub-band signal energy spectrum, after wavelet packet decomposition, is different obviously in normal conditions and fault conditions. The rolling bearing failure of running department can be distinguished.
Hilbert envelopment analysis
Hilbert envelopment is the absolute value of time-domain signal envelopment, which extracts modulation signal from signals, analyses the changes of modulation function, and it has great advantages in fault feature extraction. The energy changes could be received by wavelet packet decomposition and reconstruction, though which can find the layer which includes the fault information, then receive the time-domain signal of the layer. The signal is set 
Residual n r is omitted here, RE is the real part. Redefinition Hibert marginal spectrum:
Where,
T is the total length of the signal.
 
, Ht  accurately describes the amplitude of the signal segment in the whole frequency with time and frequency variation.
h  shows the changes of the amplitude with the frequency on the entire frequency band, which has higher resolution than the Fourier spectrum, and analysis results can be more clear and intuitive.
Tests and Analysis
Railway rolling bearing fault test
In the motor bearing test bench to test and develop railway rolling bearing fault diagnosis system which is based on the analysis of improved wavelet packet and Hilbert. Bearing type installed on the test beach is NU205EQ. Bearing Fault simulation and test equipment system structure are shown in Figure 2 . Two motors are installed in the test bench, one is installed with the normal bearing, the other is installed with failure bearing. Motor speed is from 0 to 2880 min r . The other end of motor connects a load preset institutions, which can change the load on the motor bearing by adjusting the distance. The outer ring of bearing is fixed to the motor shell, and the inner ring is revolved with the rotor rotation. The following assumptions are set: there are no slip between the raceway and rolling element; the component has no deformation under the radial and axial load. Excluding the elastic deformation of various elements of bearings, and it is pure rolling between the rolling element and raceway. According to geometric conditions, the fault characteristic frequency of rolling bearing can be expressed as follows.
Outer ring fault：
where, z is the number of rolling element of rolling bearings; a f is the axis rotating frequency; d is the diameter of rolling element; D is the pitch diameter of the rolling bearing;  is the contact angle.
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The fault characteristic frequency of bearing components is associated with the specific location of fault, the geometry of bearing parts, and the working speed of bearing. The parameters of bearing are shown in Table 1 . Table 2 , the energy of the normal signal is located in 0 sub-band of layer three. The energy of fault signal changes significantly in 2 sub-band and 6 sub-band of layer three. After the reconstruction, it can be seen there is obvious fault signal in reconstruction signal of the 2 sub-band of layer 3. So the Hilbert transform has been done and then seek its envelope spectrum. The results are shown in figure 6 -figure 8 . It can be seen that there are some high amplitude during the frequency of 242.3HZ and 125.2HZ and nearby. Then it can be determined that the faults happened in the outer ring and rolling. This two kinds faults frequency are the same as the outer ring and rolling element fault characteristic frequency which are calculated. The results showed that there are fault damages in the outer ring and rolling of bearing.
Conclusion
Fault vibration signal of rolling bearing contains the corresponding impact components and it is very useful for identification faults of rolling bearing to analysis the impact components. But these impact components covered by the vibration and noise, and they can't be directly received from the time domain or frequency domain. The vibration signals of rolling bearing are decomposed by the improved wavelet packet, and then the fault is found by calculating the energy changes of the bands. The reconstruction of the decomposed signals is analyzed by Hilbert envelope spectrum and the fault reason can be obtained. The analysis results from the experimental signals show that the wavelet packet and Hilbert envelope spectrum analysis technology can identify the failure characteristics of rolling bearing, and match the fault feature of rolling bearing in theory. This method is suitable for traction motor bearings and other rotating machinery fault diagnosis. So it has fair prospects of application for the rotary machine fault diagnosis.
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